Introduction: Each year, more than 10 million children younger than five years of age die. The large majority of these deaths occur in the developing world. The verbal autopsy (VA) is a tool designed to ascertain cause of death in such settings. While VA has been validated against hospital diagnosed cause of death, there has been no research conducted to better understand the factors that may influence individual physicians in determining cause of death from VA.
Introduction
Each year, more than 10 million children younger than five years of age die [1, 2] . The ability to accurately measure causes of these deaths is the foundation of global childhood health interventions, policy, and research [3, 4] . However, the majority of childhood deaths occur in the developing world and outside of the formal health care sector. These deaths are unlikely to be registered, thus introducing significant limitations any inferences drawn from vital registration systems in these regions. The verbal autopsy (VA) is a tool designed to ascertain cause of death in such settings. The VA relies on the assumption that various causes of death have symptoms and signs that can be recalled and accurately reported by care givers and family members during a standardized interview by a trained, generally non-medical, fieldworker. It also relies on the assumption that the symptoms and signs of different clinical conditions are sufficiently distinct so as to permit one cause of death to be distinguished from others.
Though efforts have been made at standardizing VA instruments [5] , published research using VA utilize differing methodologies. While some VA studies utilize data or expert derived algorithms [6] , symptom pattern methodology [7] , or probabilistic methods [8, 9] many utilize two or more trained physicians to review VA forms and determine a cause of death which is then coded using the World Health Organization (WHO) International Classification of Disease 10 (ICD-10) [10] .
To date, validation studies of VA using physician coders have generally compared the physician identified codes to known hospital diagnoses or death certificates as the gold standard [11] [12] [13] [14] [15, 16] . However, this group of patients may not be representative of the entire population, especially in settings where access to health care is limited. Little is known about the factors that contribute to physician agreement in VA studies using multiple physician coders. Understanding these factors is of critical importance to developing a better understanding of how accurately the many and diverse studies based on the verbal autopsy may reflect actual underlying patterns of mortality. Thus, the objective of this study is to understand if factors specific to either the deceased or to the respondent of the VA are associated with physician reviewer's agreement on cause of death.
Methods
This study uses data from the Million Death Study (MDS) [17] . In brief, 6.3 million people in 1.1 million nationally representative Indian households were monitored for vital events between 1998 and 2003. An average of 150 households were selected from each of 6671 sampling units which comprise all 35 states and union territories of India. The sample units were randomly selected to be reflective of population at the state level. For each household death that occurred, a standard VA questionnaire, called RHIME (Routine, Reliable, Representative and Re-sampled Household Investigation of Mortality with Medical Evaluation), that uses both an open-ended narrative and close-ended structured questions was administered [18] . Interviewers were Registrar General of India surveyors, with knowledge of local language(s), and trained in the RHIME instrument. Using an Internet-based application, two independent physicians reviewed each completed RHIME form and assigned a single cause of death using the ICD-10 [10] as well as a list of key clinical words to reflect how they arrived at their diagnosis. If the physicians initially agreed on the cause of death, this cause of death was finalized. If the two physicians initially disagreed on the cause of death, their respective keywords used to determine the cause of death are exchanged and an attempt is made to reconcile to a common ICD-10 code. If the two physicians were able to reconcile to a common ICD-10 code, this cause of death became finalized at this stage. If the two physicians continue to disagree following the reconciliation stage, a third, senior physician adjudicates and determines the final cause of death. In order to ensure reproducibility, a random 5% sample of completed RHIME's are chosen and repeated in their entirety, from data collection to physician coding. Further details about the MDS methodology are described elsewhere [17] For this study, we used MDS data from 2001 to 2003 and our analysis grouped ICD-10 codes into broad categories (7 categories for neonates 0 to 28 days and 9 for infants/children 29 days to 14 years) which made up approximately 80% of all deaths in each age group. The categories used for the neonatal group are: low birth weight/preterm birth, birth asphyxia/birth trauma, vaccine preventable diseases, diarrheal diseases, congenital anomalies, other infectious diseases, and other perinatal conditions. The categories used for the infant/childhood group are: acute respiratory infections, diarrheal diseases, malaria, vaccine preventable diseases, central nervous system infections, other infectious diseases, injuries, nutritional diseases, and other non-infectious diseases. The ICD-10 codes contained in each of these categories can be seen in Tables 1 and 2 .
We compared the defined categories of causes of death coded by each physician and percent agreement using the kappa statistic [19] . The 95 percent confidence interval for the kappa statistic was calculated using the bootstrap method for polychotomous variables with bias correction [20] . Analyses were conducted on the entire infant/childhood data set as well as stratified by age category (29 days to 364 days, 1 year to 4 years, and 5 years to 14 years).
Sensitivity and specificity of initial physician cause of death diagnosis was calculated using standard methods with the final RHIME cause of death as the gold standard. This portion of the analysis is to be interpreted only with the understanding that the final RHIME cause of death is not independent from the initial physician diagnoses.
In order to determine how well the household members themselves were able to identify the cause of death, we calculated the sensitivity and specificity of cause of death as identified by the household versus the final cause of death as assigned by the RHIME. The household's determination of cause of death was collected on Form 12 which served as an independent source of crude cause of death estimates. These deaths were reported by the household to the SRS surveyor for the period of time from 1998 to 2003. The SRS surveyor classified the household identified cause of death into one of 79 specific causes. We then collapsed the 79 causes into the same above described categories of death for both neonates and older children and then deaths registered in Form 12 were matched to the same individuals on the RHIME for comparison. The crude association between demographic, socioeconomic, geographic, and other factors potentially associated with physician agreement was tested using a univariate logistic regression model. To adequately adjust for confounders, multivariate logistic regression was also used to analyze the association between these factors and the outcome of physician agreement following the intial stage of review of the verbal autopsy. The modeling procedure used an a priori conceptual hierarchical model organized into three blocks of variables [21] . The first, distal block included geographic factors (Empowered Action Group (EAG) region plus Assam, geographic region, and urban or rural place of residence), the second, middle block contained sociodemographic factors of the respondent (whether the respondent lived with the deceased and the respondent's gender, education, religion, and relationship to the deceased), and the third, proximal block, contained factors specific to the deceased individual (gender of the deceased, the location of the death, and whether or not the death was registered). The model was adjusted using backwards elimination. In order for a variable to be considered as a potential confounder and to be retained in the multivariate model, it had to show a p-value ,0.20 in the likelihood ratio test. Finally, variables were considered to be significantly associated with the outcome for pvalue ,0.05 in the likelihood ratio test.
All statistical analysis was performed using Stata SE 10 [22] . 
Results
There were a total of 29345 deaths in children under the age of 15 during the study period ( Figure 1 ). Of these, the RHIME forms for 27459 (11406 neonatal deaths and 16053 childhood deaths) were coded by two physicians and were thus included in the analysis of physician agreement.
The kappa statistic is used to analyze the agreement between the two physicians taking into account the likelihood they will agree on common category of death based on chance alone. The kappa analysis is shown in Table 3 . The strength of agreement of the kappa coefficient is shown in Table S1 . For neonates, the overall physician agreement was 64.9% with a kappa of 0.56 (95% CI 0.55-0.57). When the neonatal age group was broken down into the first week of life and weeks 2 to 4, physician agreement increased with older neonates (days of life 0 to 7 physician agreement 64.0% and kappa 0.54 (95% CI 0.54-0.55); days of life 8 to 28 physician agreement 68.3% and kappa 0.58 (95% CI 0.56-0.59)). There was little significant variation in the kappa statistic across the various strata including the gender of the deceased, whether the place of residence was in an urban or rural area, and whether the RHIME respondent lived with the deceased or not. Physicians were more likely to agree when the RHIME respondent was a non-parental relative to the deceased (generally a sibling, grandparent, aunt, or uncle) than a parent. Physicians were slightly less likely to agree on a cause of death when the place of death was a health facility compared to the home.
Physician agreement and the kappa statistic increase with child's age for the posteneonates. Overall agreement was 71.8% and kappa 0.64 (95% CI 0.63-0.66) in infants aged 29 days to under 1 year, agreement was 72.1% and kappa 0.67 (95% CI 0.66-0.68) in children aged 1 year to 4 years, and agreement was 75.9% and kappa 0.71 (95% CI 0.71-0.72) in older children aged 5 years to 14 years. In all three age categories, physicians were more likely to agree on causes of boy deaths than in girl deaths, although this difference was not statistically significant in the 29 days to less than Table 3 . Kappa analysis by age category. 1 year group. For children aged 1 to 4 years, physicians were slightly more likely to agree in cases in which the death was not registered. The sensitivity and specificity of an individual physician's determined cause of death was estimated following the initial review stage, compared to the final cause of death as determined by the RHIME instrument. These results may be seen in Table 4 . There were 23098 neonatal and 34214 childhood physician determined categories of death (two physician codes per death). Due to the large number of observations, we utilized a 99 percent confidence interval around the sensitivity and sensitivity point estimates. We found that for neonates, the sensitivity of the initial physician coded cause of death was greater than 80% for all categories except for asphyxia/birth trauma (sensitivity 74.9%, 99% CI 73.2-76.5) and congenital malformations (79.0%, 99% CI 74. 8-82.8) . The specificity at this stage was greater than 93% for all categories. In children, the sensitivity of physician coding at the initial stage was less than 80% for the categories of central nervous system infections, malaria, nutritional diseases, and other infectious diseases. Consequently, the specificity for each of these conditions in each of the childhood age categories exceeded 98%. The specificity for all childhood categories at the initial stage of physician review was greater than 93%.
A univariate analysis was performed to analyze crude associations and a hierarchical multivariate logistic regression (Table 5 ) was performed to adequately adjust for confounders. In both analyses, a p-value,0.05 was deemed to be significant. For neonates in the univariate analysis, using parental respondent as baseline, a higher degree of physician agreement at the initial stage was associated with non-grandparent, non-sibling relative respondents (OR 1.17, 95% CI 1.06-1.30), female respondents (OR 1.10, 95% CI 1.02-1.17), non-Hindu and non-Muslim religion In the multivariate analysis, physician agreement was also found to be greater for the deaths of boys and when the death occurred outside the home or health facility. Because we believe deaths due to injuries to be more likely to occur outside of the home or health facility and also more likely to be agreed upon as a category of death by physicians reviewing the RHIME, we stratified our multivariate analysis by final category of death being injury versus all other causes. When controlling for death due to injury, there was no longer a significant association between death being outside of the home or health care centre and increased physician agreement in any age category. A total of 1726 neonatal deaths and 3922 childhood deaths with causes of death reported by household members (Form 12) could be matched to specific deaths recorded by RHIME (Table S2) . Overall, the sensitivity of the household member's determined cause of death compared to the final RHIME cause of death was very poor. For neonates, the category of vaccine preventable diseases had a sensitivity of 65.6% (95% CI 58.4-72.1), however, the remainder of the categories had sensitivities of less than 32%. Similar to our other analyses, the estimated sensitivities did increase with age, however, in general remained poor. The only categories with sensitivities greater than 50% were diarrheal diseases (53.8% (95% CI 49.2-58.1) and 58.2% (95% CI 51.4-64.7) for ages 1 to 4 years and 5 to 14 years) and injuries (60.9% (95% CI 52.9-68.4) and 67.1% (95% CI60.9-72.7) for ages 1 to 4 years and 5 to 14 years).
Discussion
The purpose of this analysis is to better understand the factors that contribute to physician agreement or disagreement in the determination of cause of death using verbal autopsy. In the Million Death Study, internal processes such as attempted physician reconciliation through the exchange of identified key clinical words, and, if required, adjudication by a third, senior physician, result in a single final identified cause of death. However, identifying specific situations in which trained physicians have more difficulty determining a common cause of death will allow for the tailoring of the VA method to function better in these conditions. We used multiple methods including the kappa statistic, a sensitivity and specificity analysis, and both univariate and multivariate logistic regression to analyze the physician coded causes of death. Though many VA studies use multiple physicians to review VA forms and various reconciliation and adjudication steps to deal with differences in interpretation, to the best of our knowledge, this study is the first to specifically investigate factors that may contribute to physician disagreement.
We were particularly interested in whether specific factors regarding the characteristics of the death itself or of the RHIME respondent would be associated with higher rates of physician disagreement in cause of death assignment. Reassuringly, with few exceptions, the kappa analysis did not uncover specific factors associated with increased physician agreement and the values generally fell within the same category of strength of agreement. Of particular importance is that when taking into account confounding factors in the multivariate analysis, we did not find consistent significant differences in physician agreement based on the death being in a rural or urban area, at home or in a health care facility, registered or not, or an the respondent's gender, religion, relationship to the deceased, or whether or not the respondent lived with the deceased. The similar levels of agreement across these variables is reassuring to all VA based research.
Age
The likelihood of physician agreement increased with age. The lower level of physician agreement for neonates is not unexpected and is reflective of the fact that many neonatal conditions are relatively non-specific and with a great deal of overlap in clinical presentation. Previous studies [23] outline the gaps in current VA methods in determining neonatal causes of death and our results also suggest physicians using VA data have greater difficulty in coming to a common cause of death in neonates than in older children. Similarly, the ability of physicians to concur on cause of death improves with increasing age in the non-neonatal group as well as seen with the increasing kappa statistic in the childhood age categories. In contrast to neonates, there is likely less overlap in clinical presentation of causes and this suggests that the increased levels of physician agreement may be due to higher quality and more specific information gathered by the RHIME in older children.
Gender
We also found that the kappa statistic was significantly lower when the deceased was female in both the 1 to 4 years and 5 to 14 years categories. The agreement was also lower in female deaths aged 29 days to 1 year, however, this difference did not reach significance. The univariate and multivariate logistic regressions, the latter of which adjusts for the effect of the other factors, also found lower agreement for female deaths in the 5 to 14 age category. The lower agreement on cause of death assignment in female children may be reflective of a lower quality narrative given for female deaths or captured by the interviewer. Evidence suggests that there is a significant gender bias against female children in India that can result in neglect of girls, death, or selective abortion [24, 25] . Such a bias may also be resulting in less substantive and accurate information accrual by the RHIME and, hence, more difficulty in physicians reviewing the RHIME information determining a cause of death among girls.
Regional/Poverty Associated Variation
In 2001, eight Indian states that have been lagging behind in containing population growth within manageable limits were classified as part of the Empowered Action Group (EAG). These states are Bihar, Chattisgarh, Jharkhand, Madhya Pradesh, Orissa, Rajasthan, Uttar Pradesh, and Uttaranchal. For this analysis, we have also included the poor state of Assam with this group. It has been reported that neonatal mortality rates are higher in the EAG states than elsewhere in India [26] . We did not see consistent associations between level of agreement and EAG state, geographic region, language of the RHIME, or urban versus rural location. However, we did include these variables in the multivariable model in order to adjust for their effects.
Household Determination of Death versus Verbal Autopsy
The poor sensitivity and specificity for the laypeople and trained physicians versus the final RHIME category of death as the gold standard reiterates the usefulness and importance of physician coding in determining cause of death in VA studies. Unsurprisingly, with no formal training, the layperson respondents were not able to accurately identify a cause of death compared to trained physicians using the RHIME.
Limitations
While we examined in great detail the various factors regarding the RHIME respondents and the deceased, we did not analyze the impact of the trained physicians themselves. We have assumed all physicians are equal in terms of training, experience, knowledge, skill, and other factors and thus that each has a similar ability to take information from the RHIME and arriving at a cause of death. In reality, it is certain that this assumption is not true. Future work by our group may further examine the impact of individual physician specialty, years experience, training, and other factors on agreement/disagreement.
The calculated sensitivities and specificities for physician identified causes of death must be interpreted with the understanding that the final RHIME cause of death is not independent from the cause of death assigned by the physicians at the earlier stages. However, this particular analysis is useful in highlighting which groups of causes of death produce more difficulties in achieving physician consensus. Specifically, in neonates the categories of asphyxia and birth trauma, and in non-neonates the categories of central nervous system infections, nutritional diseases, and other infectious diseases had less than a 80% sensitivity in comparison to the final RHIME category of death. This is again likely reflective of inherent difficulties in the RHIME differentiating these relatively clinical non-specific entities from other causes of death.
The level of physician agreement is dependent upon the number of categories being compared. By increasing the number of categories, the level of agreement will decrease and vice versa. The ICD-10 has over 2000 diagnostic codes, many of which require advanced laboratory, microbiologic, or radiologic tools to diagnose. Clearly, the RHIME is not able to classify causes of death to such a level of specificity. In the Million Death Study, the RHIME is designed to code to the first three digits of the ICD-10 codes. In this analysis, we have further collapsed the codes into a smaller number of categories. We chose these categories based on two major factors: one, they make up the majority of mortality in the respective age groups, and two, they are specific enough to be of great utility for informed public health decision making. We feel that whereas it would be ideal for physician reviewers of RHIME to agree on very specific causes of death (for example pneumococcal pneumonia or herpes simplex encephalitis), in reality, and in the absence of sophisticated diagnostic tools, it is sufficient to agree on the broad categories of acute respiratory infection or central nervous system infection. A drawback to our classification system, however, is that no inferences can be made on the ability of physicians use RHIME to come to a common cause of death for the specific and varied causes in the heterogeneous 'other perinatal conditions' and 'other noninfectious conditions' categories.
Conclusion
The VA is an invaluable tool in understanding causes of death in settings lacking comprehensive and accurate vital event monitoring systems. Factors influencing physician agreement/ disagreement to the greatest degree are the gender and age of the deceased; specifically, physicians tend to be less likely to agree on a common category of death in female children and in younger ages, particularly neonates. Additional training of physician reviewers and continued adaptation of the VA itself, with a focus on gender and age of the deceased, may be useful in increasing rates of physician agreement in these groups. Our study contributes to a better understanding of the factors influencing the VA ability to accurately determine cause of death, and to this end, may serve to promote informed health policy decisions in these settings. Table S1 Strength of agreement of the kappa coefficient (19) . Footnote: We recognize that this guideline is somewhat arbitrary and that the magnitude of the kappa value is dependent on both the number of categories and the number of observations. We present the guidelines for comparison purposes only. Found at: doi:10.1371/journal.pone.0009583.s001 (0.03 MB DOC) Author Contributions
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